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(57)Abstract: 

PROBLEM TO BE SOLVED: To control a displacement, 
using a simple control circuit. 

SOLUTION: This laminated piezoelectric element 100 is 
formed as an integrated structure, in which a first 
laminated piezoelectric element 1 10 and a second 
piezoelectric element 120 are stacked in the thickness 
direction. The first laminated piezoelectric element 110 
is formed, in such a way that piezoelectric elements 1 1 1 
which are thinner than piezoelectric elements 121 
constituting the second piezoelectric element 120 are 
laminated. In the first laminated piezoelectric element 
110, electrodes 112 are installed between the respective 
piezoelectric elements 111, and they are electrically 
connected in parallel at the outside every other layer. In 
the piezoelectric elements 111, 112, their polarization is 
treated in the thickness direction. In addition, even in 
the second laminated piezoelectric element 120, 
electrodes 122 are installed between the respective 
piezoelectric elements 121, and they are electrically 
connected in parallel at the outside every other layer. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The laminating type piezoelectric device which carries out the laminating of the piezoelectric device of 
different thickness from this piezoelectric device, and is characterized by having constituted another laminating 
type piezoelectric device and unifying these laminatings type piezoelectric device while carrying out the laminating 
of the piezoelectric device of the same thickness and constituting a laminating type piezoelectric device. 
[Claim 2] The laminating type piezoelectric device which makes thinner than the piezoelectric device which 
constitutes the 2nd laminating type piezoelectric device thickness of the piezoelectric device which constitutes the 
1st laminating type piezoelectric device, and is characterized by unifying the 1st and 2nd laminating type 
piezoelectric devices concerned in the thickness direction. 

[Claim 3] The laminating type piezoelectric device which makes thinner than the piezoelectric device which 
constitutes the 2nd laminating type piezoelectric device thickness of the piezoelectric device which constitutes the 
1st laminating type piezoelectric device, and is characterized by having installed the 1st and 2nd laminating type 
piezoelectric devices concerned, and unifying. 

[Claim 4] Furthermore, the laminating type piezoelectric device according to claim 2 or 3 characterized by unifying 
other laminating type piezoelectric devices from which the thickness of the piezoelectric device to constitute differs. 

[Claim 5] The laminating type piezoelectric device of any one publication of the claim 2-4 characterized by making 
into an integral value the ratio of the thickness of the piezoelectric device which constitutes each aforementioned 
laminating type piezoelectric device. 

[Claim 6] The laminating type piezoelectric device of any one publication of the claim 2-5 characterized by 
differing the area of each aforementioned laminating type piezoelectric device. 

[Claim 7] The electrostrictive actuator characterized by preparing the control means which choose the laminating 
type piezoelectric device which unifies two or more laminating type piezoelectric devices which shall be different 
in the thickness of the piezoelectric device to constitute, controls these driving means while preparing the driving 
means which impress voltage to each laminating type piezoelectric device, and impresses voltage. 
[Claim 8] The piezo-electric sensor characterized by establishing a detection means to detect the electrical signal 
which generates the thickness of the piezoelectric device to constitute by the piezoelectricity effect of two or more 
different laminating type piezoelectric devices and each laminating type piezoelectric device. 
[Claim 9] The ultrasonic motor characterized by to drive a mobile by preparing oscillating transducer material in 
this laminating type piezoelectric device while unifying two or more laminating type piezoelectric devices which 
shall be different in the thickness of the piezoelectric device to constitute, preparing further the driving means 
which impress voltage to each laminating type piezoelectric device, and the control means which choose the 
laminating type piezoelectric device which controls these driving means and impresses voltage, and carrying out 
oscillating contact of the aforementioned oscillating transducer material. 

[Claim 10] Thickness of the piezoelectric device which constitutes the 1st laminating type piezoelectric device is 
made thinner than the piezoelectric device which constitutes the 2nd laminating type piezoelectric device. While 
accumulating the 1st and 2nd laminating type piezoelectric devices concerned and unifying, oscillating transducer 
material is attached in the side of the unified laminating type piezoelectric device concerned. Furthermore, the 
driving means which impress cycle voltage to each laminating type piezoelectric device are prepared. The 
ultrasonic motor characterized by driving the mobile concerned by exciting longitudinal oscillation by the 
laminating type piezoelectric device of the above 1st, exciting crookedness vibration by the laminating type 
piezoelectric device of the above 2nd, and making a mobile carry out oscillating contact of the aforementioned 
oscillating transducer material. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the electrostrictive actuator and the piezo- 
electric sensor using the laminating type piezoelectric device and this in which displacement control is possible, and 
an ultrasonic motor by the easy control circuit. 
[0002] 

[Description of the Prior Art] Drawing 12 is structural drawing showing an example of the conventional laminating 
type piezoelectric device. This laminating type piezoelectric device 1000 consists of electrodes 1002 prepared 
between the piezoelectric device 1001 of two or more sheets, and each piezoelectric device 1001. Generally, since 
the piezo-electric longitudinal effect generates a twice [ about ] as many variation rate as this under the same 
electric field as compared with the transversal effect, it becomes what has a high energy conversion efficiency. For 
this reason, polarization processing of each piezoelectric device 1001 which carried out the laminating is carried out 
in the thickness direction, respectively. Moreover, an electrode 1002 is shifted [ to set further ] and formed and has 
carried out parallel connection electrically externally. Although adhesion may perform the laminating of a 
piezoelectric device 1001, it unifies by the green-sheet method, and it is [ way ] advantageous in respect of 
reliability and mass-production nature, and it can thin-shape-ize a piezoelectric device 1001. If driver voltage is 
impressed to this laminating type piezoelectric device 1000, the variation rate of the direction of a laminating can be 
obtained by expansion and contraction of each piezoelectric device 1001. 

[0003] Drawing 13 is the block diagram showing the actuator which used the laminating type piezoelectric device. 
This actuator 1 100 consists of the aforementioned laminating type piezoelectric device 1000, the drive circuit 1101 
which drives the laminating type piezoelectric device 1000, a control circuit 1 102 which controls the drive circuit 
1 101, an operating state detector 1 103 which feeds back the operating state of the laminating type piezoelectric 
device 1000 to a control circuit 1 102, and the directions section 1 104 which gives the signal of directions of 
operation to a control circuit 1 102. A control circuit 1 102 sends out a control signal to the drive circuit 1101 
according to the directions from the directions section 1 104. In the drive circuit 1101, predetermined direct current 
voltage is impressed to the laminating type piezoelectric device 1000 based on a control signal. The amount of 
displacement of the laminating type piezoelectric device 1000 is detected by the operating state detector 1 103, and 
is fed back to a control circuit 1 102. A control circuit 1 102 sends out a control signal to the drive circuit 1101 until 
it becomes desired value. 

[0004] Drawing 14 is the cross section showing other conventional examples of a laminating type piezoelectric 
device, and is the thing of the indication to JP,8-213664,A. This laminating type piezoelectric device 1000 is 
applied to a lingerie van type ultrasonic motor, and serves as structure which this ultrasonic motor 1200 sandwiched 
the laminating type piezoelectric device 1000 by elastic bodies 1201 and 1202, and fixed the center with the bolt 
1203. Body of revolution 1204 is carrying out pressurization contact at the end face of an elastic body 1201, and 
this contact pressure is regulated by the bundle force of a bolt 1203, and the elastic force of a spring 1205. If cycle 
voltage is impressed to the laminating type piezoelectric device 1000, the vibration will get across to an elastic body 
1201, and body of revolution 1204 will rotate with the frictional force between this elastic body 1201 and body of 
revolution 1204. 

[0005] Drawing 15 is the block diagram showing an example of the sensor using the conventional laminating type 
piezoelectric device. This sensor 1300 is specifically an acceleration sensor, a piezo-electric gyroscope, etc. This 
acceleration sensor 1300 is the structure which carried out laminating baking of the tabular piezo electric crystal 
1301 of two or more sheets which carried out the U character configuration. An acceleration sensor 1300 uses the 
piezoelectricity effect (voltage is obtained by deforming) of a piezoelectric device, and two beam portions 1302 and 
1303 are generating current horizontally feeble by bending perpendicularly. If this current is amplified, it can use as 
a sensor signal. Moreover, the beam portions 1302 and 1303 are good not only as for two but three. Thus, according 
to the ultrasonic motor, actuator, and sensor using the laminating type piezoelectric device 1000, the whole can be 
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miniaturized. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in order to have to use the control circuit using driver voltage 
which is different in order to control the amount of displacement by the above-mentioned conventional laminating 
type piezoelectric device 1000, since a fixed variation rate is carried out when using as an actuator and the voltage 
impressed to each piezoelectric device 1001 is fixed, there was a trouble that circuitry will become complicated. 
[0007] Although the rotational frequency could next be made high by the above-mentioned ultrasonic motor 1200 
when torque could be enlarged when longitudinal oscillation was strengthened, and torsional oscillation was 
strengthened, when strength tended to be attached to longitudinal oscillation, for example and it was going to adjust 
torque, since the thickness of a piezoelectric device 1001 was the same, a different cycle voltage generating means 
whose number is two was needed, and there was a trouble that a control circuit was similarly complicated. 
Furthermore, by the above-mentioned sensor 1300, since the thickness of the tabular piezo electric crystal 1301 
which constitutes a laminating type piezoelectric device was the same, there was a trouble that the detectable size 
and detectable frequency of a variation rate were restrained. 

[0008] Then, this invention is made in view of the above, and aims at offering the electrostrictive actuator and the 
piezo-electric sensor using the laminating type piezoelectric device and this in which displacement control is 
possible, and an ultrasonic motor by the easy control circuit. Moreover, it aims at offering the piezo-electric sensor 
which can make the detection range large. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the laminating type piezoelectric 
device concerning a claim 1 carries out the laminating of the piezoelectric device of different thickness from this 
piezoelectric device, constitutes another laminating type piezoelectric device, and unifies these laminatings type 
piezoelectric device while it carries out the laminating of the piezoelectric device of the same thickness and 
constitutes a laminating type piezoelectric device. 

[0010] A piezoelectric device can obtain the variation rate at a low battery with the thinner big one. For this reason, 
the different amount of displacement can be obtained by changing the thickness of the piezoelectric device which 
constitutes each laminating type piezoelectric device. You may make it this laminating type piezoelectric device 
unify not only 3 sets or more of [ when unifying 2 sets of laminating type piezoelectric devices, but ] laminating 
type piezoelectric devices. Moreover, thickness of the piezoelectric device to constitute is not cared about as for 
more than it as for two kinds in unifying 3 or more sets of laminating type piezoelectric devices. Thus, control of 
the amount of displacement is attained only by choosing each laminating type piezoelectric device by unifying the 
laminating type piezoelectric device from which the thickness of a piezoelectric device differs. Moreover, 
complicated displacement control becomes possible by selection of each laminating type piezoelectric device. 
[001 1] Moreover, the laminating type piezoelectric device concerning a claim 2 makes thinner than the 
piezoelectric device which constitutes the 2nd laminating type piezoelectric device thickness of the piezoelectric 
device which constitutes the 1st laminating type piezoelectric device, and unifies the 1st and 2nd laminating type 
piezoelectric devices concerned in the thickness direction. 

[0012] Since the 1st laminating type piezoelectric device carries out the laminating of the thin piezoelectric device 
and constitutes it from a piezoelectric device which constitutes the 2nd laminating type piezoelectric device, it can 
obtain the amount of displacement with the bigger laminating type piezoelectric-device way of ** a 1st than the 2nd 
laminating type piezoelectric device. If the 1st and 2nd laminating type piezoelectric device is accumulated in the 
thickness direction, the different amount of displacement in the thickness direction can be obtained. What is 
necessary is just to impress voltage alternatively to the 1st laminating type piezoelectric device or the 2nd 
laminating type piezoelectric device, when controlling the amount of displacement. Moreover, the maximum 
amount of displacement is obtained by impressing voltage to both the 1st and 2nd laminating type piezoelectric 
devices. 

[0013] Moreover, the laminating type piezoelectric device concerning a claim 3 makes thinner than the 
piezoelectric device which constitutes the 2nd laminating type piezoelectric device thickness of the piezoelectric 
device which constitutes the 1st laminating type piezoelectric device, installs the 1st and 2nd laminating type 
piezoelectric devices concerned, and unifies. 

[0014] It is as having described the variation rate of the 1st laminating type piezoelectric device and the 2nd 
laminating type piezoelectric device in the top. Moreover, a complicated variation rate can be performed by 
installing this the 1st and 2nd laminating type piezoelectric device. For example, a controlled system-ed can be 
made to rock using the difference of the amount of displacement of the 1st laminating type piezoelectric device and 
the 2nd laminating type piezoelectric device. It explains to the example in the gestalt of operation. 
[0015] Moreover, the laminating type piezoelectric device concerning a claim 4 unifies other laminating type 
piezoelectric devices from which the thickness of the piezoelectric device to constitute differs further in the above- 
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mentioned laminating type piezoelectric device. 

[0016] By unifying other laminating type piezoelectric devices which carried out the laminating of the piezoelectric 
device of thickness different furthermore, more complicated and precise displacement control becomes possible. 
[0017] Moreover, the laminating type piezoelectric device concerning a claim 5 makes an integral value the ratio of 
the thickness of the piezoelectric device which constitutes each aforementioned laminating type piezoelectric device 
in the above-mentioned laminating type piezoelectric device. 

[0018] Usually, in order to create the piezoelectric device of request thickness, the piezoelectric device of thin meat 
is created most and only required number of sheets is made to carry out laminating sintering of this piezoelectric 
device. For this reason, it becomes easy to manufacture a laminating type piezoelectric device by making it the 
integral multiple of a basic piezoelectric device. 

[0019] Moreover, the laminating type piezoelectric devices concerning a claim 6 shall differ the area of each 
aforementioned laminating type piezoelectric device in the above-mentioned laminating type piezoelectric device. 
[0020] The generating force acquired by the piezoelectric device differs by changing area. For example, when the 
area of the 2nd laminating type piezoelectric device is larger than the area of the 1st laminating type piezoelectric 
device, as for the generating force, the way of the 2nd laminating type piezoelectric device becomes large. For this 
reason, control of the generating force is attained by choosing the 1st or 2nd laminating type piezoelectric device. 
[0021] Moreover, the electrostrictive actuator concerning a claim 7 unifies two or more laminating type 
piezoelectric devices which shall be different in the thickness of the piezoelectric device to constitute, and it 
prepares the control means which choose the laminating type piezoelectric device which controls these driving 
means and impresses voltage while it prepares the driving means which impress voltage to each laminating type 
piezoelectric device. 

[0022] When the thickness of the piezoelectric device to constitute differs, even if it impresses this voltage by 
driving means, the amounts of displacement differ. For this reason, the amount of displacement of an 
electrostrictive actuator is controllable by choosing by control means whether it is impressed by which laminating 
type piezoelectric device. For example, if the piezoelectric device to constitute impresses voltage to the thinner one 
to two kinds of laminating type piezoelectric devices, a big variation rate will be obtained, and if voltage is 
impressed to the thicker one, a small variation rate will be obtained. Moreover, if it is made to impress voltage to 
both laminating type piezoelectric devices, the greatest variation rate will be obtained. 
[0023] Moreover, the piezo-electric sensor concerning a claim 8 establishes a detection means to detect the 
electrical signal which generates the thickness of the piezoelectric device to constitute by the piezoelectricity effect 
of two or more different laminating type piezoelectric devices and each laminating type piezoelectric device. 
[0024] Since the piezoelectricity effect of what has the thin piezoelectric device to constitute is high, it is suitable 
for detecting a big variation rate by low frequency. On the other hand, what has the thick piezoelectric device to 
constitute is suitable for the piezoelectricity effect detecting a small variation rate by high frequency for a low 
reason. Therefore, it becomes possible to make the detection range large by using two or more laminating type 
piezoelectric devices which shall be different in the thickness of a piezoelectric device. In this case, it is not 
necessary to unify each laminating type piezoelectric device. 

[0025] Moreover, the ultrasonic motor concerning a claim 9 prepares oscillating transducer material in this 
laminating type piezoelectric device while unifying two or more laminating type piezoelectric devices which shall 
be different in the thickness of the piezoelectric device to constitute. Furthermore, the driving means which impress 
voltage to each laminating type piezoelectric device, and the control means which choose the laminating type 
piezoelectric device which controls these driving means and impresses voltage are prepared, and a mobile is driven 
by carrying out oscillating contact of the aforementioned oscillating transducer material. 

[0026] Since the thickness of the piezoelectric device to constitute differs, respectively, when each laminating type 
piezoelectric device chooses the laminating type piezoelectric device which impresses voltage, the amounts of 
displacement of the oscillating transducer material prepared in the laminating type piezoelectric device differ. 
Moreover, since the mobile concerned moves when this oscillating transducer material contacts a mobile, the 
movement magnitude of a mobile is controllable by choosing a laminating type piezoelectric device after all. In 
addition, a mobile may be not only rotation but rectilinear motion. 

[0027] The ultrasonic motor concerning a claim 10 moreover, the thickness of the piezoelectric device which 
constitutes the 1st laminating type piezoelectric device Make it thinner than the piezoelectric device which 
constitutes the 2nd laminating type piezoelectric device, and while accumulating the 1st and 2nd laminating type 
piezoelectric devices concerned and unifying, oscillating transducer material is attached in the side of the unified 
laminating type piezoelectric device concerned. Furthermore, the driving means which impress cycle voltage to 
each laminating type piezoelectric device are prepared, longitudinal oscillation is excited by the laminating type 
piezoelectric device of the above 1 st, incurvation vibration is excited by the laminating type piezoelectric device of 
the above 2nd, and the mobile concerned is driven by making a mobile carry out oscillating contact of the 
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aforementioned oscillating transducer material. 

[0028] Oscillating transducer material causes ellipse movement by the longitudinal oscillation and the incurvation 
vibration of the 2nd laminating type piezoelectric device by the 1st laminating type piezoelectric device. If this 
oscillating transducer material contacts a mobile, a mobile will move with frictional force. In addition, a mobile 
may be not only rotation but rectilinear motion. 
[0029] 

[Embodiments of the Invention] Hereafter, it explains in detail, referring to a drawing per this invention. In 
addition, this invention is not limited by the gestalt of this operation. 

Gestalt 1. drawing ,! of operation is structural drawing showing the laminating type piezoelectric device concerning 
the gestalt 1 of implementation of this invention. This laminating type piezoelectric device 100 is the integral 
construction which piled up the 1st laminating type piezoelectric device 1 10 and the 2nd laminating type 
piezoelectric device 120 in the thickness direction, and the 1st laminating type piezoelectric device 1 10 carries out 
the laminating of the piezoelectric device 1 1 1 thinner than the piezoelectric device 121 which constitutes the 2nd 
laminating type piezoelectric device 120. In the 1st laminating form piezoelectric device 110, parallel connection is 
externally carried out electrically for forming the electrode 1 12 between each piezoelectric device 111, and setting 
further. If it is the material which will deform if PZT (titanic-acid lead zirconate), a barium titanate, titanium oxide, 
etc. can be used, in addition voltage is applied, it can be suitably used for piezoelectric devices 1 1 1 and 121. 
Polarization processing of these piezoelectric devices 1 1 1 and 121 is carried out in the thickness direction. 
Moreover, also in the 2nd laminating form piezoelectric device 120, parallel connection is externally carried out 
electrically for forming the electrode 122 between each piezoelectric device 121, and setting further. 
[0030] Cycle voltage is separately impressed to the 1st laminating form piezoelectric device 1 10 and the 2nd 
laminating form piezoelectric device 120. About concrete circuitry, it illustrates with the gestalt of the following 
operation. The variation rate of piezoelectric devices 1 1 1 and 121 shall use the longitudinal effect, and it can obtain 
a big variation rate on low voltage, so that thickness is thin. For this reason, by the same thickness (the numbers of 
laminatings differ), the amount of displacement from which the 1st laminating form piezoelectric device 1 10 is 
obtained rather than the 2nd laminating form piezoelectric device 120 becomes large. 

[0031] Below, the manufacture method of this laminating form piezoelectric device 100 is explained. First, while 
adding the organic solvent, a binder, a plasticizer, and a dispersant to temporary-quenching powder, these are mixed 
and a slurry is created. In addition, temporary-quenching powder is used for preventing the dimensional change by 
baking etc. Then, the aforementioned slurry is cast by about 100 micrometers in thickness on the carrier film made 
from polyester. If a slurry dries, it will exfoliate from a casting film and a green sheet will be obtained (the tape 
casting method). If this green sheet is used for the 1st laminating form piezoelectric device 1 10, in order to obtain 
the green sheet used for the 2nd laminating form piezoelectric device 120, it is necessary to cast a slurry more 
thickly. What is necessary is just to make large the interval of the doctor blade of tape casting equipment, and a 
carrier sheet, in order to change the thickness of a green sheet, and this green sheet - the shape of a rectangle of a 
predetermined size ~ piercing - the one side - the object for internal electrodes - a conductor a paste is formed 
this conductor — thickness is about several micrometers and can form a paste by screen-stencil Moreover, 
electrodes 1 12 and 122 are shifted and formed on the front reverse side of each piezoelectric devices 1 1 1 and 121. 
[0032] first, the green sheet of the thicker one - metal mold - while carrying out a four-sheet laminating inside and 
considering as the 2nd laminating type piezoelectric device 120 inside, the six green-sheets laminating of the still 
thinner one on it is carried out, and press forming is carried out by high pressure The piezoelectric devices 1 1 1 and 
121 from which thickness differs by this carry out laminating unification. This temperature is determined by the 
softening temperature of the organic binder to be used although the temperature at the time of a press is about about 
100 degrees C. When it goes into a degreasing process, the organic binder contained is pyrolyzed and it is made to 
remove by raising temperature and heating slowly to 500 degrees C - 600 degrees C. Then, it calcinates at 1000- 
1200 degrees C within the electric furnace using the refractory brick. During baking, a temperature control is 
precisely performed so that it may be without error at about 2 degrees C. Electrodes 1 12 and 122 are applied and 
printed on both sides of the piezoelectric devices 1 1 1 and 121 which carried out the laminating to the last. As 
described above, since it shifts and is fabricated on the front reverse side of piezoelectric devices 1 1 1 and 121, to 
the short circuit electrodes 1 13 and 123, the electrodes 1 12 and 122 concerned short-circuit electrodes 1 12 and 122 
alternately, and parallel connection is carried out. 

[0033] As mentioned above, in this laminating type piezoelectric device 100, detection becomes easy at the 
generating row of two or more driving force and the amount of displacement with the combination of the 2nd 
laminating type piezoelectric device 120 and the 1st laminating type piezoelectric device 1 10. Moreover, jogging 
(2nd laminating type piezoelectric device 120) and the flutter (1st laminating type piezoelectric device 1 10) become 
possible, without having a complicated drive circuit, moreover, high frequency - and minute - detection (1st 
laminating type piezoelectric device 1 10) and low frequency of a variation rate - and detection (2nd laminating 
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type piezoelectric device 120) of a big variation rate is attained 

[0034] Gestalt 2. drawing^ of operation is structural drawing showing the laminating type piezoelectric device 
concerning the gestalt 2 of implementation of this invention. This laminating type piezoelectric device 200 is the 
structure which unified the 1st laminating type piezoelectric device 210 and the 2nd laminating type piezoelectric 
device 220 in parallel, and the 1st laminating type piezoelectric device 210 carries out the laminating of the 
piezoelectric device 211 thinner than the piezoelectric device 221 which constitutes the 2nd laminating type 
piezoelectric device 220. Electrodes 212 and 222 are formed in the both sides, and polarization processing of each 
piezoelectric devices 21 1 and 221 is carried out in the thickness direction, respectively. In this laminating type 
piezoelectric device 200, when voltage in phase is impressed, for example, since the 1st laminating type 
piezoelectric device 210 differs in a variation rate from the 2nd laminating type piezoelectric device 220, if a bridge 
250 is formed in each upper surface and a mirror 251 is attached in the center as shown in drawin g 3 , a mirror 
angle can be changed. Since the variation rate of the 1st laminating type piezoelectric device 210 is larger than the 
2nd laminating type piezoelectric device 220 when voltage in phase is impressed, a mirror 251 can incline 
clockwise and can change the reflective direction of a beam of light L. For example, it is applicable to the scanning 
mirror of a laser beam etc. 

[0035] the method as the gestalt 1 of the above-mentioned implementation, and abbreviation that this laminating 
type piezoelectric device 200 is the same ~ it can manufacture » every - since the composition of the 1st and 2nd 
laminating type piezoelectric devices 210 and 220 is the same as that of the gestalt 1 of operation, detailed 
explanation is omitted In addition, the short circuit electrode 213 placed between the 1st laminating type 
piezoelectric device 210 and the 2nd laminating type piezoelectric device 220 turns into a common electrode, and is 
beforehand applied before baking. Even if it is this composition, while being able to do so the same effect as the 
above, it is applicable to various kinds of equipments (refer to drawi ng 3 ) using the difference of the amount of 
displacement. 

[0036] Gestalt 3. drawing 4 of operation is structural drawing showing the laminating type piezoelectric device 
concerning the gestalt 4 of implementation of this invention, the laminating type piezoelectric device 100 which this 
laminating type piezoelectric device 300 requires for the gestalt 1 of operation, and abbreviation - although it is the 
same structure, it differs in that the thickness of the piezoelectric device 321 which constitutes the 2nd laminating 
type piezoelectric device 320 is the integral multiple (nt:n is an integer) of the thickness (t) of the piezoelectric 
device 31 1 which constitutes the 1st laminating type piezoelectric device 310 Except this, since it is the same as that 
of the gestalt 1 of operation, explanation is omitted. Usually, in order to create the piezoelectric device of request 
thickness, the piezoelectric device of thin meat is created most and only required number of sheets is made to carry 
out laminating sintering of this piezoelectric device. For this reason, it becomes easy to manufacture the laminating 
type piezoelectric device 300 by making it the integral multiple of a basic piezoelectric device. 
[0037] Gestalt 4. drawing_5 of operation is structural drawing showing the laminating type piezoelectric device 
concerning the gestalt 5 of implementation of this invention. This laminating type piezoelectric device 400 is 
unified combining the laminating type piezoelectric devices 410, 420, and 430 which are three kinds from which 
the thickness of the piezoelectric device to constitute differs. The piezoelectric device 411 which constitutes the 1st 
laminating type piezoelectric device 410 is the thickness of the half of the piezoelectric device 421 which 
constitutes the 2nd laminating type piezoelectric device 420, and the thickness of the piezoelectric device 431 
which constitutes the 3rd laminating type piezoelectric device 430 is the half of the thickness of the piezoelectric 
device 41 1 which constitutes the 1st laminating type piezoelectric device 410. Furthermore, the area of the 1st 
laminating type piezoelectric device 410 is the half of the area of the 2nd laminating type piezoelectric device 420, 
and the area of the 3rd laminating type piezoelectric device 430 is the same as the area which applied the 1st 
laminating type piezoelectric device 410 and the 2nd laminating type piezoelectric device 420. The generating force 
becomes large, so that the area of a piezoelectric device is large. 

[0038] every - the 1- although the 3rd laminating type piezoelectric device 410-430 is created according to the 
process explained with the gestalt 1 of the above-mentioned implementation, about the 3rd laminating type 
piezoelectric device 430, it considers as block construction, and is made for the parting plane to become the 1st, the 
plane of composition of the 2nd laminating type piezoelectric device 410 and 420, and a homotopic In case it 
calcinates, the conductive paste used as the short circuit electrode 432 is applied to this parting plane, and it 
considers as the common electrode 412 of the 1st and 2nd laminating type piezoelectric device 410 and 420, and the 
common electrode 432 of the left-hand side of the 3rd laminating type piezoelectric device 430, and right-hand side. 
Since 2 block construction is carried out about the 3rd laminating type piezoelectric device 430 and it is made the 
structure which can be energized independently, left-hand side and right-hand side can be driven independently. 
Furthermore, since the 1st and 2nd laminating type piezoelectric device 410 and 420 can be driven independently, 
according to this laminating type piezoelectric device 400, more complicated deformation can be performed. 
[0039] Gestalt 6. drawing,, of operation is the block diagram showing the circuitry in the case of applying the 
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above-mentioned laminating type piezoelectric device 100 to an electrostrictive actuator. This electrostrictive 
actuator 100 The laminating type piezoelectric device 110 of the above 1st, and the 2nd laminating type 
piezoelectric device 120, The 1st drive circuit 601 which drives the 1st laminating type piezoelectric device 1 10, 
and the 2nd drive circuit 602 which drives the 2nd laminating type piezoelectric device 120, 1st drive circuit 601 
The control circuit 603 which reaches and controls the 2nd drive circuit 602, It consists of the directions section 604 
which gives the signal of directions of operation to a control circuit 603, the output extraction section 605 prepared 
in the laminating type piezoelectric device 100, and a fixed susceptor 606 which carries out fixed support of the 
laminating type piezoelectric device 100. 

[0040] A control circuit 603 sends out a control signal to each drive circuits 601 and 602 according to the directions 
from the directions section 604. In the drive circuits 601 and 602, predetermined direct current voltage is impressed 
to the laminating type piezoelectric device 100 based on a control signal. Moreover, when selection with the 1st 
laminating type piezoelectric device 1 10 and the 2nd laminating type piezoelectric device 120 is performed by the 
signal from the directions section 604, for example, it drives the 1st laminating type piezoelectric device 1 10, a 
control signal is sent out to the 1st drive circuit 601. Thereby, the 1st laminating type piezoelectric device 1 10 
rough-******. Moreover, when driving the 2nd laminating type piezoelectric device 120, it is sending out a control 
signal to the 2nd drive circuit 602, and the 2nd laminating type piezoelectric device 120 carries out jogging 
displacement. 

[0041] DrawingJZ is explanatory drawing showing the example of composition of the ultrasonic motor adapting this 
electrostrictive actuator. The oscillating object 652 which had salient 651 in this laminating type piezoelectric 
device 100 is joined, and a salient nose of cam is formed aslant. And this salient 65 1 is countered and a mobile 653 
is arranged. In addition, the other sides of the laminating type piezoelectric device 100 are being fixed to the fixed 
susceptor 606. If the laminating type piezoelectric device 100 is vibrated in this state, salient 651 nose of cam will 
contact a mobile 653 continuously, and, on the other hand, will move a mobile 653 to **. If the selection drive of 
the 1st laminating type piezoelectric device 1 10 is carried out by the control circuit 603, in order that the 1st 
laminating type piezoelectric device 1 10 may carry out jogging displacement, the movement magnitude of a mobile 
653 becomes small. On the other hand, if the selection drive of the 2nd laminating type piezoelectric device 120 is 
carried out, since the 2nd laminating type piezoelectric device 120 rough-******, the movement magnitude of a 
mobile 653 becomes large. 

[0042] Gestalt 7. drawjn g_8 of operation is the block diagram showing the circuitry in the case of applying the 
above-mentioned laminating type piezoelectric device to a piezo-electric sensor. Drawing 9 is explanatory drawing 
showing the example of concrete composition of this electrostrictive actuator. It is the composition that this piezo- 
electric sensor 700 joined the 1st laminating type piezoelectric device 1 10 to the one side of the fixed supporter 701, 
and joined the 2nd laminating type piezoelectric device 120 to the other side. Moreover, the 1st and 2nd laminating 
type piezoelectric devices 1 10 and 120 are connected to the detector 702, and the signal sent out from this detector 
702 is orthopedically amplified and operated by signal amplification and the shaping circuit 703. Since each 
piezoelectric device of the 1st laminating type piezoelectric device 1 10 is thin, detection of a big variation rate is 
possible for it at low frequency. Since each piezoelectric device of the 2nd laminating type piezoelectric device 120 
is thick, detection of a small variation rate is possible for it at high frequency. 



showing the example of concrete composition of an ultrasonic motor. The laminating type piezoelectric device 100 
is being fixed by the oscillating object supporter material 801 on the susceptor 802. The oscillating transducer 
material 803 is formed in the side of the laminating type piezoelectric device 100, and this oscillating transducer 
material 803 touches the mobile 804. The mobile 804 is supported to revolve by the medial axis 805. The medial 
axis 805 is being fixed to the susceptor 802. 

[0044] The 1st laminating type piezoelectric device 1 10 excites longitudinal oscillation by impressing cycle voltage 
by the drive circuit 806. In this case, flexible movement is made caused using the transversal effect of each 
piezoelectric device 1 1 1 which constitutes the 1st laminating type piezoelectric device 1 10. the 2nd laminating type 
piezoelectric device 120 - a bimorph - a variation rate - it uses as an element, and by impressing cycle voltage, it 
is shrunken by one piezoelectric device 121, a variation rate is extended to another piezoelectric device 121, a 
variation rate is made to start, and incurvation vibration is excited With the combination of this longitudinal' 
oscillation and incurvation vibration, the oscillating transducer material 803 performs ellipse movement to the front 
face of a mobile 804. A mobile 804 rotates with the frictional force between this oscillating transducer material 803 
and mobile 804. In addition, although the gestalt of this operation showed the case where the big ultrasonic motor 
of torque was realized by starting curvature movement by flexible movement and the 2nd laminating type 
piezoelectric device by the 1st laminating type piezoelectric device, as flexible movement is caused by incurvation 
vibration and the 2nd laminating type piezoelectric device by the 1st laminating type piezoelectric device on the 
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contrary, making a rotational frequency quick can also be carried out easily and it corresponds to this application. 
[0045] 

[Effect of the Invention] As explained above, according to the laminating type piezoelectric device (claim 1) of this 
invention, control of the amount of displacement is attained by the easy control circuit by changing the thickness of 
the piezoelectric device which constitutes each unified laminating type piezoelectric device. 
[0046] Next, according to the laminating type piezoelectric device (claim 2) of this invention, thickness of the 
piezoelectric device which constitutes the 1st laminating type piezoelectric device was made thinner than the 
piezoelectric device which constitutes the 2nd laminating type piezoelectric device. For this reason, driving force is 
easily controllable by choosing the 1st and 2nd laminating type piezoelectric devices in a displacement row. 
[0047] Next, in the laminating type piezoelectric device (claim 3) of this invention, since the 1st laminating type 
piezoelectric device and the 2nd laminating type piezoelectric device were installed, a complicated variation rate 
can be performed. 

[0048] Next, in the laminating type piezoelectric device (claim 4) of this invention, since other laminating type 
piezoelectric devices from which the thickness of the piezoelectric device to constitute differs were unified, more 
complicated and precise displacement control becomes possible. 

[0049] Next, by the laminating type piezoelectric device (claim 5) of this invention, since the ratio of the thickness 
of the piezoelectric device which constitutes each laminating type piezoelectric device was made into the integral 
value, it is easy to manufacture. 

[0050] Next, the area of each laminating type piezoelectric device can be written as a different thing, and, in 
addition to control of the amount of displacement, the generating force can be controlled by the laminating type 
piezoelectric device (claim 6) of this invention. 

[0051] Next, in the electrostrictive actuator (claim 7) of this invention, since the laminating type piezoelectric 
device which impresses voltage is chosen and the amount of displacement was controlled, displacement control 
becomes possible in an easy circuit. 

[0052] Next, by the piezo-electric sensor (claim 8) of this invention, by using two or more laminating type 
piezoelectric devices which shall be different in the thickness of a piezoelectric device, the detectable range is made 
large and the thing of it can be carried out. 

[0053] Since the movement magnitude of a mobile is next controllable by the ultrasonic motor (claim 9) of this 
invention by choosing a laminating type piezoelectric device, control of movement magnitude is attained in an easy 
circuit. 

[0054] Next, longitudinal oscillation is excited by the 1st laminating type piezoelectric device of the unified 
laminating type piezoelectric device, incurvation vibration is excited by the laminating type piezoelectric device of 
the above 2nd, and since it was made to drive the mobile concerned by making a mobile carry out oscillating 
contact of the aforementioned oscillating transducer material, simple structure can constitute an ultrasonic motor 
from the ultrasonic motor (claim 10) of this invention. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** SuOWS the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is structural drawing showing the laminating type-piezoelectric device concerning the gestalt 1 of 
implementation of this invention. 

[Drawing 2] It is structural drawing showing the laminating type piezoelectric device concerning the gestalt 2 of 
implementation of this invention. 

[Drawing 3] It is explanatory drawing showing the concrete application of the laminating type piezoelectric device 
of drawing 2 . 

[Drawing 4] It is structural drawing showing the laminating type piezoelectric device concerning the gestalt 4 of 
implementation of this invention. 

[Drawing 5] It is structural drawing showing the laminating type piezoelectric device concerning the gestalt 5 of 
implementation of this invention. 

[Drawing 6] It is the block diagram showing the circuitry in the case of applying a laminating type piezoelectric 
device to an electrostrictive actuator. 

[Drawin g 7] It is explanatory drawing showing the example of composition of the ultrasonic motor adapting the 
electrostrictive actuator shown in drawing 6 . 

[Drawing 8] It is the block diagram showing the circuitry in the case of applying a laminating type piezoelectric 
device to a piezo-electric sensor. 

[Drawing 9] It is explanatory drawing showing the example of concrete composition of an electrostrictive actuator 
shown in drawing 8 . 

[Drawing 10] It is the block diagram showing the circuitry in the case of applying a laminating type piezoelectric 
device to an ultrasonic motor. 

[Drawing 11 ] It is explanatory drawing showing the example of concrete composition of an ultrasonic motor shown 
in drawing 10 . 

[Drawing 12] It is structural drawing showing an example of the conventional laminating type piezoelectric device. 
[Drawin g 13] It is the block diagram showing the actuator using the laminating type piezoelectric device. 
[Drawing 14] It is the cross section showing other conventional examples of a laminating type piezoelectric device, 
and is the thing of the indication to JP,8-213664,A. 

[Drawing 15] It is the block diagram showing an example of the sensor using the conventional laminating type 

piezoelectric device. 

[Description of Notations] 

100 Laminating Type Piezoelectric Device 

110 1st Laminating Type Piezoelectric Device 

111 Piezoelectric Device 

112 Electrode 

120 2nd Laminating Type Piezoelectric Device 

121 Piezoelectric Device 

122 Electrode 



[Translation done.] 
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